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(57) [SK^] 

[«i*¥a3 aiiftiissifi3»f*L/— yi*. set. 




(2) 



^eaVl 1—312847 



[fll^«2] MfB¥«i4:S«>}&^#£«»li^ n-pli 
U S L«JI«IS^ ^li p - n t» <J iE L«JI«ljfi;b' & « 

n - p ii i-j £ t=» p - n « <-j X Lmm 

« C t t -r 1 l=IB«<DSlft*««ffi¥» 

%<!: y 4>9I^B^^<'!>1Sl> I nQa p-e)f^fi£$4lTl^^ 
tSI*«8] ItrfBTSPDBRflljgfiPl*, WIB*««« 

-jiia±w-r«ci:*it«fr«9i3««i i=iEtt©sit 

A^&'S-STSDBRltjfiSJt, StTSSDBR«jt9±l= 

&JECS±SilDBR«jgSft*^L. fltrlBSItS 
i:»S1tJi«)JtTI=fia-r-S»fcl=J:oT#t«Sli«4< 

iSimmmit. i(ria±sjteJ:iXTSSDBR«iS$«sE-rs 
*«fiK-r 4j»fl!)ii*!iBSf* J: y 1 *i*«t-r « 



R«fis?a)«Si J: y BL^ c i: ^^atf 9 i=ia 

[R^a 1 1 ] mR¥^m#mibi^fi-m&»a:s n - p 
« y £ L«ji«js$fci;i: p - n «i y £ Lmmm&ii^ & <c 

1tJII= n - p tl y £ L«JI«jfi^/h(l p-n4iy£L« 

IS. 9 icee(Daa^ss£#i»f*: u— tf . 
[n^^ei 3] «rG¥«i4:a«:>&^«iaft«tt. ^mm 

*^&tty. 4^o»J■l=l*-f:l->i^EAA<<!:*4^•Ct>«ci: 

■tf. 

^ft»«i<<l: y ^9e%B«r¥a)«l.^ A I Q a A s 
[a*« 1 7 ] StIBTSSD B R«liSg?l*. I n Q a P 

ai i=iB«<osis*iiSM¥iii*u— tf. 

)iA^&>EE<&TeiSDBRM3S^&, StT^D B RMjSSV^ 
$fT5m2«)fi£SXS4:» 

iafi-r-5*3fl!>*«xst**u. *&fc, 

mmmmi^. miR±&isj:ifT&DBRm&^m&-ri 
•&f»imm.-ti»m(Dmiihmmm^ y 4>?s < -r ^ 5 1=. 
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[n^^i 9] mz¥f^m»mibii.fi-m^st<om^tm 
[a*«2oi miz^m#mihiL^m&mt. n-p 

liSIc n - p » if L»B«|jft$f=tt p - n «l U £ L« 

^ 1 8 (=fBS(0Sa^fi«S¥«(4: U— tf X'F^tDSjt^ 

[913^92 2] 8(rl5^3li*m«3&»«S(t. ¥l&tSJI<0 
^-(*l»l£d?4i«C&$1$tt^-r«SI:lt«1 8I=SC(DS 

2 3 ] tts^^^mwmihs.^mi-'ooimii' e. 

fil&-r«Bl3^«1 8(c|Btt0!}SlB^fi»9if9«U— tf 

ri'«c^$4««&-r«si34K«i 8i=iBtt(Dsa#^fi» 
[ii*«2 5] ,., fl!riBi|i?»{*ffi4()iii^Sfi*, fltriB3fe^ta 

l^«cj:$4#«^-r-&lll3«t:9i 8 (=IEe(OSit^li«S 

[iS*3S26l SSETSPDBRajSS?!*, InQaP 

■c»fiE* *tfcs*-aEi-h*-r 5 c t $^«t-r -511* 
a. 

BR^jftSUtt, f nGa PA^e,^C«jB^:-r•5C 

^$4$«^-r«9l^«1 8(=IStta>S]aAfi«£^«{4: 

[iS*« 2 8 ] IB^^S 1 8 jEc L 2 7 ©t^rttA^-S 
[O O O 1 ] 

— *fl=S8-r-5. 
[0002] 



u—^b4«Sa f5it/<^— >36«n»<Ofc«>:7 
2^5cj£9J1i^ffl9^<D3l£S^LTSS-e«y. $iE>l= 

[0003] ^ik(Dmu^1&mm^f■m» u— o^as 

icSia^l^a^BriBB^BIl l>q%-r : (1) B. 

-S. Yoo. H.Y. Chu. H.-H. Park, H.e. Lee and J. Le 
a. IEEE Journal of Quantum Electronics, vol.33. N 
o. 10, 1997. pp.1794. ( 2 ) C. J. Chang-Hasna i a Y.A. 
Wu. 6. S. Li. 6. Hasnain. K. D. Choquete. C. Caneau 
and L.T. Florez, Applied Physics Letters, vol.63. 
No. 10. 1993. pp.1307). ZOftt^lt^ p-GaAs 
SWi 10 1 ±(Clll(= P-A ly Gai-y As / A I z Q 
ai-z As (0<y<z) i^^BLttS!. (distributed Br 
an ref lector, D BR) ^mmSLUmi O 2 miSi»ifi 
A I z Qai-z As« 3l^ff^A<A I yQai-y A 
s)» non — doped— AlijGa A s TSJX 
y-B 1 O 3 . G a A s /A lyGai-xAs (x^ 
w) ^SttJi 10 4. non-doped- 

A I w Qai-w A siWX-t— 1*-Bl 0 5. n-A I y 
Q a i-y A s / A I z G a i-z As (0<y<z) DB 

Rs.itm^ 0 6, ¥?»tt:aAa*flii 07. T««ai 
0 8, i&«iii 09, ±fli«fii 1 o, m=f-^mmmm. 
1 1 1 j:y}K^**t«. DBRO!)#Hi±. «fias$«- 

»(0SSr*-Ci!I^fcffl©4»a) 1 ©ffifflcSi^-rS. 
[0004] s^^ a>^^i= J3i^Ttt« sa^i&^ja 1 o 7 

t LTA I Ga A s/A I QaAsn— l-p-l<i 
at, fciLMAT^^U^T-XGa A8J8A<a#*^l„ L^f 

[0005] 

fijfflLrigj3?a)«t^-K**^/ h-r-scticcfeys *- 

[00 0 6] Lf=A<oT. *SI?B<Dlg1 flJiWI*. ISf* 
<D&mtit^LXm=E- KA<*--el!i»l=SeS«fl!if^*< 

»6*i*sii*«ss¥3n* u— y^atit-r « c t * 

[00 0 7] j^^momzosmt. vtik<o^mtitm. 
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[0 0 0 8] ;*:%qS(D»3<DSn». Vt^O&mtitWt 
[0 0 0 9] 4:«^<0»4<DSntt. «3|E<Dft«&it«t 

[0 0 10] 

»±i=!si+?,*t. 3!)^os1±^lJ!)«s«>a**lfc'>^< 

l=K(t & 4ifclt&<0j| Ax & «: «±9 D B R « jftSV ^ 

[o o 1 1 ] L < tt. mfR¥-mwmAs,9iJm^& 
tt. ¥«tiii]ii= n - p II u is LmmmA-ititt p - n 

[o o 1 2] L < 1*. iirffi#3ii*a4<>a^«jsg5 

[ O O 1 3 ] L < Id:, «rlB¥«i4:S«>3&^«Va. # 
[0 0 1 4] »*L<I*> «rlB#»i*ai6ai^Sftt-o 

[0 0 1 5] »*L<i*. |iri5#s«:aftai^aJtt. «ir 
[o o 1 6] $7^ L < 1^. tt!^^mwmib^^9^mit. m 

[0 0 1 7] »*L<I*. «rlBT»DBRlllaft«Hi, tH 

iB#tfig«JiE* y tll3aiSSf*©«lx I n G a PVf&A 

[0 0 18] *fg?BJ=S-:J<ait^iiSS^«fl:u— y 



o!>±Ti=ft«-r « Ji 1 1= J: o r ^t«»i»a3&<»«* tt. 

tt. ltr1B±fiffcJ:0:TSSDBR«3i*«ri£-rSflfe<D«->!r 

[o o 1 9] L < li, m^^^m»m»3LH&±<oti 
D B R«iifi9<o«£t J: y nix. 

[ O 0 2 O ] L < M:. mii^m»mAiL9im&» 
It^ n-ptiySLaiJI«JK^^ttp-ntiySL«Ji 

[ o o 2 1 ] $ L < li, itrSB¥«tt^a«>3&^«iat» 

li. #«it1±JI(= n - p «l y S LaifiWS^fr a p - n 

[ o o 2 2 ] »^ L < li. itre^9{«aat>f&^»id:, # 

[O O 2 3] »^ L < tt, «nE#«f«:a«>3&^«(»:-0 

[0024] ief^L<ii. t^'Sim^m^mifoj^^mt. ti 

IBjfc^ft««4t<l: y tll«lS8r^(01SlxA I G a A s -<! 

[0025] L < i±. tirfB*3H*a«)a«¥gsi±, itr 

iB%^fi«IS4e J: y ^.H^B^^OiStx I n G a p-e]» 
[O 0 2 6] »^L<\t. MfBTSSD B R^SKSVId:, I 

[ o o 2 7 ] < siait«sM¥*<* u— y 

(DaAxe,]S:«TSBDBR«iS§S^, SITS^D B R«it9 
±(=15lt&*t, AxoS14SA<ffl«>a^*tfc'>)5:< i:4,- 
jiAx&]&%±svDBR«i&^$«-ri> 

>^i=j:yy-9-iijSSj*jgfiE-r-5xst. 

fiESxst, i(ria*««:aAai^«3tgs<D±i^±»DB 
R«i3fi«$w^ft-r«sii3(D««xs^$«u 

[0 0 2 8] ii7$L<(i, m^^^^mitii^^m'ikUO 
[ O O 2 9 ] $ L < I;!:. mi^m»mAjL9t.mi&& 
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ii, n-payiSLaji«Jt*f=i*P-n«yiSL«« 

[0 0 3 0] »*L<li, ttrE*3*«:ffi»a»«jis 
14, i|t|6«14«l=n-piayiSL«Ji«lit*fcl4p-n 

[0 o 3 1 1 L < li, i(nE¥«(*ai«>a*«i*. ¥ 
[0032] u < 14, «irE#»i*a«)a^fi?i*-^ 

[0 0 3 3] »*t<(4, nrE^»*aA3i^«n*, M 
E3t*fis^ia«fc y *iia!ia«*<o«t^ A i q a a s t? 

[0 0 3 4] «f$L<i4, «re^«i4:a«>3&»f»f4, ffr 
E3fc*ss«a«k y *««aifr*<o«t^ i n q a p-e» 

[O O 3 5 ] L < 14. WETfifD B Rm&mts I 
n Q a P ♦lfc»*-JilU±Wr«. 

[0 0 3 61 »*L<I4, |^^Ea^1<0fiEfiXS^=il3t^ 
TaPDBR«JftSH4» nQaPA^e>^E4 

[0 0 3 7] *5ewic»^<«it*«»s^* 
»ff4. ±E0!>«a35ai=*orSjft**tf=^t* 

[0 0 3 8] 

[0 0 3 9] <ai<D|glS»SS>E!2l4a^llli6»8l©ie 

a^5ai=Sfi3&:'^iRi<oRrffiB'ei&^. c<DWa&i4, p 

-Qa AsattSl±l=llil=p-A ly Gai-y As/A 
Iz Gai-z As (0<y<z) iJ^^SltS (distribu 
ted Bragg reflector. DBR) ^mtStS-SteiZ- (l^lSSV 
A^A I z G a 1-2 As. aL*«5>3!»*A I y G a i-y A 
s) s p- I nGa PX'y^'V^f;^. h«V7fJl3. p-A 
I y G ai-y A s/A I u Q a 1-u A s (0<y<u< 
z) i^^BLktW. (distributed Bragg reflector. DB 
R) ^JBRS««4 (»ttSJA<A I u Gai-u As. S 
t^fiJJJ'A^A lyGai-yAs), non — doped — 
A Iw Qai-w AsTSI!X'<— **-S5. GaAs/AI 
X G a 1-x As ^Mi^-^P JSttH 6. non-dop 
e d-A I w Gai-w AsittX-^—- y-H7. n-AI 
y G a 1-y As / A lu Qai-u As (0<y<u< 
z) ^J'fliSSta (distributed Bragg reflector. DB 
R) ^mSkS-^StS (^«IS5A<Alu Gai-u As. S 
t^ffl5»A<A lyGai-yAs). n-lnGaP»1Il 
gfiEfieSI® 9. A I G a A s ^fcl4 I n G a P^l^aH* 
atoiii^B (m2|lSfiEg@) 10. n-AlyGa 
1-y As/A Iz Gai-2 As (0<y<z) DBRS 

6i» (msiasfitsjB) 1 1. T«aei 2. f&«iBii 
3. ±mmm^ 4. «^-»»ffl«jti 5j:y»^**v 



4, DBRfl!)ftJBl4. «fiaft**Ji©JB»r*-caof= 

[00 4 0] H3 A~H3 FI4^S<DXg$5? LfctO 
-el^^. %1I§IS(0ASI4p-QaAs%S±.-Cfe^f= 
«>p-DBRj:yMttL. MQWSIin. n-DBR 

(«)-») *-CSl«*ff3 (B3A) . n-DBRjSJ: 

i;p-DBR<osi4Si=i5t>a@ffl («cDxa-e.>t-9-* 
$«ba)DBR9a}A iiaAJ:y tff <tst£u ftsKttV 

Air AAtft. aifrmit^il^%O^SS&i^<k y 
I ia^(D1it^A I Q a A s iel^lz. jlb<0^fiS«t^(DS 

01 nQa (As) P$fflt^fc«^l=tl^»a)Ja«4<fe 

5. ±E055§14)iifi«l=*Jt^rA I *a«A<«<KS**t 

s D B R«ifi«)SMi4. DBR^v^aaas^jaii-cfc* 
fc3fea>Hta«>3a»t Lr+iJ^-cft*. p-dbr<d« 

BJf*Ji«)— P - I nGa P^fflOSA*. C*ll4x 
*fc«»Jil4n-1 nGaPi:-r-5. C<DgWI4. Ilfit 

ft^a>a3]btA I Q a A s a>««. ^^utitmomvufi 

A I «afil*<*#<'5:*l5t*llfiEfiJli:L'CSa 
HCDI1A<^I=< <'a:-5fc«>. S®lMb©»ScD/h*l>A 

X h. s i 02 JEE^(D$fe«li*fflt^rjt-9-«IJt*»sK-r 

S (H3B) o JBBE^aSi:Uri4't>x-y h • x-yg^> 

ySg*l4. 3t^M=E-4i— fc4tM4x>y5^>^/"jSft*# 
a(cAillTp- I nQa PX-y^l/^T • X h'y^Ji©^ 

ltrt;jt*)5. a«?x-y^-v:^ h*fflt>rp- I 

nGa PODSH^Sai^-B-'S (03 0) . J^-if-M^^O 

Ctl=J:oTSS2Eiaritft («35a«Jl) *»fit-r« 
(H3D<D (1) ) . ¥««:atf>a^B'Cfc^a35tt^ 
Bi:LT14. (K-p-n-p-n- • • • • © K— tf > 
A I G a A s j&*tM4 I n Q a Pli^ffll^ 
A I Q a A s $«3lEtt9JVi::ffit'««^a> A I HA 
14. fcfcjll4jSttBifi«S<0±TDBR«jtA<A I 0.15S 
ao.35A s/A I 0.5 Qao.5 A 8 iCTTltfiK 2F^TU^4 
«^I40. 3 3 Jsl±l=KS-r«. lnQaP<Dift«0. 
8 5A(m-?<l>B^^I43. 34«a>T*. ±EA llgjSJU 
T<J!)D B Rlt3tl=tet^TBSf*3ia^K«ljt*<JKfiK**t 

*fci4?a«tit<D#ffe»ttB*»fifcssi att-*. 
^■(DS^tt^y-aaaEtt^roaaA***. >-y-«±» 

<D-7X^?f=l4#*SaA<ii«aii**t«ro-C. V*V\^'^ 

>yirTi8E^-r-5 (B3 E) . i»^:5ai4. -^Xy h - 

T.v^-^'f. K^-f • x-y^l/^/". fc«tM4-€-<Di55#<0 
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^-eHfifcfi^fi^L^ (03 D© (2) ) . •t©*'5X'y|- 

fiSfit^ (H3 (F) ) , u—*f^mfk^^ms.-ns. 

[o o 4 1 1 H4li*S81i»B«)ffe«>«l(DeSfiEfiBil= 

t:t^«-i:*^«fr«. ««fcL-CI*A I QaAs* 
fclil nQaP-C*y. y >K— :^feStMiS5Sfii'^14 

fco+ -f;i->sK-e>^f-r«-i:i=*y. j:ya&«« 

[0042] 02teJ:t;ia4lc5^LfcSlt*a»S¥» 
^ U— +f (OfR^-^tt^ KBB 5 A fc it^H 5 B 

5A(4S3lE«3tta*^14'S&l/l=a3S**«a'* 

■5, 

[0 0 4 3] 05 B©563ltaaS« (Far Field Patter 
n. F F P) ^||<tSB3EBlll«l=>tUT* LfctO-e 
5BliEttli«*«Ji ( 1 ) =t*l6e^ ( i ) 

SWlCJSStOlcWLT (2) , (3) . *IIWlCifeL^r 

[0 0 4 4] ei±.l*p-Ga AsSffi±a)«5tl='^l'^'C 
a'<fc4.«)t?fc'5**. n - Q a A s aSi±<D«jt©Ji^ 
|=t,|g»<D3tt«A<fc-5. I nQa PX-^^ • X h-y^B 
$ffll^f=«j£lco(,^-ra'<fctfl)t£A<. teOD B Rati 
SJ&-5A I msS-OA I Ga As®$fflt^fc«itl=*Jt^X 

ft^JB* I n Q a P i: Lfc«^l='3l^Ta'<Tt^«4<. 
A I SH^$«<fl*xfcA I Ga AsB«)Ji-&lCt,l^*$ 
©^*3!l<&*<, A I Ga As/Ga AsSI-OU^•C^'< 
fct<Dt=A^ I nGa As/GaAs^lCfct^rtPiai 

[0 0 4 5] iai±SlWLfcay» :*:|IJ6»IS«-Ctt. S 



SfttJl±»«>DBR (O— 
*»5KS«>^tS»*»fit-r4<feol= I nGa PfcSLM* 

aaJi*2 0B<osE«i="c»rtu 3i5ia(D«fii--c!& 

St^^i'SJSy a>D B R«jfi$»^-f 

[0 0 4 61 <»2(0Sll£»ffl>H6tt*«lfe«(D«a 

a As»«1 ±I=I«I=P-A ly Gai-y As/A Iz 
Gai-zAs (0<y<z) (distributed 
Braw reflector. D BR) 0*«S»«2 (MSttA^A 
I z Qai-z As. SL^fB^J-A^A I y Gai-y As) » 
p- I nGa PXt/^^^^X h"i'^Jl3, p-AlyQ 
a 1-y As / A luQai-uAs (0<y<u<z)» 
tBBLitS. (distributed BraK reflector, DBR) f^M 
BI£««I4 (iS«»j6*Alz Gai-z As. SL^ft^A* 
AlyGai-yAs), non — doped— AlwQ 
ai-w AsTSX^—- y-)S5. GaAa/A Ix Qa 
1-X A s ^m»^#FS1iJi6. non-doped- 
A I w <3 a 1-w A 8 ±»X'<— *J1 7 . n - A I y Q a 
1-y As/A lu Qai-u As (0<y<u<z) 
SStS (distributed Bragg reflector, DBR) ^JBtt 
S.kt»a mtABf^A Iz Gai-z As. at^ffl»4<A 

lyGai-yAs). n — A I y G ai-y A s/A I z 
Qai-z As (0<y<z) DBRSSt»9. A I Qa 
A s ^fcli I n G a pitiS(M*atoa^S 1 o. Tssaffi 

1 2. 3. ±9««1 4. *^»«ffl«3ft1 5 

*y»«**t«. Ja±ro«3Sfl>9*. i«trosi^BE»A<i5 
[0 0 4 7] BiTi=riES«)xg$5*'<*. miiai©fi£ 

SI4 p - Q a A s P - D B R * y BiJ6 

U n-DBR*-CJ5Efi*tT^ (0 5 

(A) ) . n-DBRat;p-DBR<Dai4BII=ifit^ft 

(^<Dxe-cj'-9-$j^j*-r«)a5*i^fflst-«i5i«^) 
(D{immmmoA \ &i^^maiDB rskda i jsaja* y 

ST^3iaSK*}^BE*-t^-*. A I fflfiEOHSt^A I G a A s 

3t<D*ssa55J<D*3aB«**«35tts?s<ty 

t,a<tE-5«fc5'5:B«T**l#-3 I nGa (As) P*ffl 
l\-CA I 3ia^A<«<^^*^^DBR«jta)S«8l*. D 
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QaP«fflt^'5*^ C*tl*x-y5^>^f -Xhv'^IBfcL 

s i 02 ^si^©^fe«a*ffl^^■CJ»■^^«^jfi*^i^)«■r4o 

-^1— j5«tMix-:»5=->^^iStt*#*l=A*i''^P- ' " 
Ga PX-y^>y ■ X h'y^Jiro#tJ"e-lt*)*o 

S«Xry5^YVh*ffll'^'Cp- I nGa P<D«ffi* 

li, iai=p-n-p-n • • • (D K— e>^^S*l#OA 
I Qa As. ft^tM* I nQa PS*fflL^«. A I Qa 

As*S35a9gai=«t^'5a^«>A iiBfiEi*. fct^tf 

SttHififiS<0±TDBRflljfiA*A I 0. IsGaO.SSAs/ 
A 10.5 Qao.5 A8l-■C«fiE^*^Tl^4«^^*0. 3 
3l9l±l=SaSi"'5. lnQaP©aftO. SS/lm-CO) 

[ O O 4 8 1 H 6 L/i:Sltt*«»Si|i3M* U-1f «> 
*^-1ttt*SttWUfca>*<H7 Ai3J:t;H7B-Cft*. B 
7 AI*S3!ES*3fetll*1*14'5:^t^l-«3'f**®BE!^14tf fc 

^^:MA<'EEL^ HltW3l£l=Ml'"Ctt. DBR«)fi«** 

^^L. ^!i*(DI«il±A<3ia**l.^. 07 BI*SI3t5S«S 
«K (Far Field Pattern F F P) $^^4S35aSllfiH= 
«LT5^Lfc^.fl>-Cfc«. I6«ll«tt«t*«jft (1) t 

Kd^StiBWir^f^^JI^S^Lt: (2) . 
(3) . *«i8l=fet^-CI***Wt3El<ttl#**l«. 
[0049] El±l*p-Ga AsaS±©«3Sl=Ol^-C 



|=tig»<J!>«l«*<fc«. I nQa PX-y^- Xh-y:^* 
SJSSA \1&^0iA I Ga AsS^fflt^tc^USl-fil'^'C 

I n Q a Pfc Lfca*l=Ot^r3a'<Tt^*6<, 
A I »«$«<P*jtfcA I Ga AsHOa-^l-ti^fil 
©aSi^fc-S. A I Ga As/Ga As^l=Ot^Xa'< 
tz^(Dt£1^. I nGa As/Qa A8a(=fit^Ttra» 

[0 0 5 0] Ei±i5iWLfcay. *5eifiJ&ss-eii. ^its* 
i^aaaijfi* -sait^tfissiiisift u— tfi= Jst^ 

[0 05 1] <»3<DSglfi»fi8>g!8li*l?J£«(Dlfea 
fiefiffi(=aifi^lpiroBf®H-Cfc«.o ^(D«jfi(4. P-Q 
a As»«1 ±I=KI=P-A ly Qai-y As/A Iz 
Qai-z As (0<y<z) i^^RttS. (distributed 
Bragg reflector. D BR) ^J8KSM»2 (»eSS*<A 
I z G ai-z As, et^Si5»3!><A I y G ai-y As) , 
p - I nGa P3L-jf->^7. h-y^B3. p-Aly Q 
ai-yAs/AlzQai-zAs (0<y<z) »^&S 
Its (distributed Bragg reflector. D B R) ^JIBIS 
W«2 (iSHaaSA*A Iz Gai-2 As. et^»»**A I 
yGai-yAs). non — doped— AlwQa 
1-w AsTSJX'*— y-Ji5. Qa As/A I X Qai-X 
As^ma-?-#F5S14Ji6. non-doped -A I 
y Gai-y As±gUX'<— 9-JS7. n-A ly Qai-y 
As/A I u Gai-u As (0<y<z) »*&S«S 

(distributed Bragg reflector. DBR) ^BKSltft 
8, n - I nQa PSgl lll««fi^«9^ A I Ga A 

s*fcl*l n Q a Pi|i»«:S«)a^a (»2ilBfitft 
S) 10. n— AlyQai-y As /A I z Qai-z A 

s (0<y<z) DBR5l*tt (^301^63) 1 

1. T«sm«i 2. ffesiBi 3. ±sijaffii 4. m=Fi^ 
ft©*ji®ja*r*-ci(ofc«<D4»a) 1 ©«»i=ss-r 

[0 0 5 2] :IC■e«l3tflPa:^a-t^xlcol^ra'<«. 
08<o«j£*f^»-r'SiKi*. :*f?<^*it-c3Si«a)fi6fi 

Ic»lt&*L*. »1 SarofiEftttp-Qa AsS«±lc 
p-DBRj:y§ai&L. MQWSHJl. n-DBR ((© 

-«p) *-ejs«$fT3 (@8<D«^g2A^e.9*•c^z^a 

a). n-DBRi3*0:p-DBR<D5SttSl=ifit^aS 

») (ao!>xe-ej'-9-*»fiE-r«2E*i=«a-r«»*) «> 

iSBSf^ilOA I IfifiESiteajDBRgKDA I «lj£J:y t 
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a»*»***t«. p - D B R<D«H»*)ia>-»«= p 

nQa Pfc-r«. Ca>aWI*. S^fi^<DSS5A<A I Q 
a A 8 (0«d. «lill4bJ|(Dl$««t:fc$ < . A I IB^;!|t 

■r*vt=S3ai-efe*. X.v^>-J^38*l*. 3t^W=E-^- 
lb4LMiX^/^>^fjS*S#J«CCA4xXp- I nGa P 

X-r/^-Vr^ ^-^fflL^rp- I nGa P(DSfflSSlti*1* 

[0 0 5 3] Cro^v ¥Sffll-e<0ja5»**>-9-B^?«*: 
y t,aHMI=«<iftSf fit. .j'-9-tt«ii!ta!SS 

iasicj:y 2»<Di jsi^u3»<di i-isaaFtts. ^« 
«:d b R0)SJ5:5iRia>«fittt K- tf Lra 

S-Cfcy, ltra(DK-e>^fiSffia)3E<blcJ:y«fiti:U 
-CttlflrWiroSSW-BCtA^-C**. ±T««<=lli* 

««M«tt>-y-S<fcy4.:*#i.^fc*. jR^Stt** 

1t3ti:ltSLT«a-r«-i:l=^y, »iS*ia#14S* 

[0 0 5 41 9m9t^mtLXlt. KCCp-n-p-n 
. . . 05 K— t'l/^fS^^OA I G a A fc5L^I4 I 
n G a P®^ffit^5. *fcl*S;Stri<D#««1±® $Wfi)c 

ssist-T'S. ^•(Da^iij:y-sm3S«5?<Da^A< 

<D-e. 7:1- KUi?X h*-7X^7i:L-rU— tf^SSSSS^^ 
©*lKS$X-v^>y(=Tl8J*-rS (H3E) . (Jl^fe* 
ai*, -t^x-y h • :Ly^>^^ • x-y^i/^, & 



lRiF-^*KWLfr(04<H9Afcii;H9B-Cfc«. H 

\tm 1 O * 9 <ca*«a = K. L. Lear, 

et al. Electronics Letters, vol.32. No. 5. pp. 457-5 
8. 1996)<D«-&1?fc«. a9AI*«^S»Jt«m^tt-C 

sf«isi=*y«^-e»a)««*<sias*«'fc»^s 

[0 0 5 61 Bl9Bi4jePI^1£$*Lf=4><o-r?l54<. B 

9A-i?*Lfc*^sa<D«3tfl)a!i*ic«fey. *H^it36< 
[0 0 5 71 mmmmxaM&tLtz 

[0 0 5 81 Iel±l*p - Q a A s3l«±0«JSl=-3U^-C 
i£'<tc4>(0'T;d&4lb<. n-Qa A8Stft±a>Wifi(04l$ 

(=t,l^*l<D*!lS*^&«o AIGaAs/GaAs mzry 
t\-Ci4'<fc=fc(0f£A^ I n Q a A s/G a A sIRlctel^ 

[005 91 

2g|ga)j)KStc-C]{$fiEri>B3lESI(^Jf0!>IVA$>-^ 

J: y t« < las LTafiia>Bt^a^^i«* 

flJlc^^L, 3[51S«)fiESI=T!&Si:$*t«S8y©DB 

4. 
4. 

[@2] :^%m<Dm^<omm^u^=■=bt^:5<m^i^m» 

[1941 ^nfl^<D9i^(o^1^&f»mz^t'^<ml^.^WL» 
S¥3H* u— tf*^-<)!)*sajiEfiiii=aii«E^fiia>Bfiiiia 

[05] A^^tSBlt. :f:fiq^<0«l (DUtfi^flKr^^ 
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[86] :4:«l|S0!>Sl2a>Sltt]i»ffil=4>^-:5<SltA)i» 

[H7] A^J:i;Bld:. ^f6m<r>9i^0)^1l&mmztt 
-5 < SBIt««S¥aii4: U— tf X'FiOS jft^^lc J: o r 
sat ^n^SK U— tf «>4#tt$Rq|-r •& 

[08] :^^m<Dni3 0)mmmmztt'5<mm.)^m» 

m^m» U— tf%'?-a!>«ia^fiiBI=Slt«:&lRl(OBrSiB 

[B9] Ais^xfBit. Jti9tK<D9^^ (omt&mmz^t 

[BIO] (£3|E(DS1C^«»£¥«^U— tfa>BrieB|-t> 

[«#a>Kqi] 

1 p — Q a A s Stt 

2 p — A I y G a 1-y A 8 / A I 2 G a i-z As (O 
<y<z) (distributed Bragg reflector, 

DBR) 3'mMism 

3 p- I nQa PX-y^l/yx h'y:^Jl 

4 p — A I y Q a 1-y A s / A I u Q a As (O 
<y<u<z) iii^SLlSiW. (distributed Bragg reflec 
tor. DBR) I^SRKltfll 

5 non — doped— AlwQa i-» A s TllSX'* 



6 QaAs/AixGai-xAs ^M^^FSttS 

7 non — doped — AlwQa i-w A s iWX'* 

-■ y-» 

8 n — A I y Q a 1-y A s / A I u <3 a 1-u As (O 
<y<u<2) DBRJKilttt 

9 n- I nQa P»1 Bi^SftjSB 

10 A I GaAs^fctt I nGa Pi4^«i4^a«:>2t^9 

11 n— AlyQa t-y A s / A I z Q a \-z A a 
(0<y<z) OBRSLmm (SISIlliAfiJI) 

1 2 T««« 

1 3 mtWL 

1 4 ±.nWSL 

1 5 X'T'^Xt^MiS 

1 6 «J|iii9ft:S3&B 

101 p— GaA sStt 

102 p— AlyGa 1-y A s/A I z <3 a i-z A s 
( O < y < z ) ^> flj SSt S (d i str i buted Bragg ref I ec 

tor, DBR) »An&l^fll (^eS»A<A I z Q a i-z A 
^l^3^A<A ly Gai-y As) 

103 n o n — d o p e d — A I « Q a t-« A sTSV 

10 4 GaA s/A I x G a 1-X A s ( x ;Sw) 

105 n o n — d o p e d — A I w Q ai-« A s JiSV 

106 n— AlyQai-yAs/AlzQai-zAs 
(0<y<z) DBRSWfil 

1 O 7 ¥3l»^SA3&^Ji 

1 O 8 TSPSffi 
1 O 9 

1 1 O ±.»WA 
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